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(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate mem ben. 
The expansion member miy include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filler-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate memoers. Alternatively, the expansion member may be expanded by heating lt_ 
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0CCLUSI0H OF A VESSEL 
Background of the hmmtun 

FwW Of thti Invemian 

Thi present amotion relates generally to the occlusion of ■ raool withei • patient, and more specif wily, 
to an apparatus and method of partialy or completely occluding a v asset. 
OBsemtinn of tho B.b^ ftft 

Attempts heretofore have been made to trset occkimns in die caret* arteries leading to the bran. 
However, such arteries have been very difficult to treat because of the possUfcy of dislodging plaque which can 
enter various arterial vessels of the brain and cause permanent brain damage. Attempts to treat such occbsions 
with balloon angioplasty have been very tinted beceuse of such dangers. In surges! treatments, such as 
enderterectomy. the carotid artery is slit and plaque is removed from the vessel in the slit area. Such surgcal 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such es in angioplasty and si the treatment of peripheral arteries and veins, there is 
the possibility that the guide wres and catheters used in such procedures during deployment of the seme may cause 
dislodgement of debris or emboli which can flow downstream and cause serious damage, such as stroke, il they 
oecsjde blood flow in smaler vessels. Thus, in summary, embobation end migration of rrtao-emboi downstream 
to an end organ is a major concern of cardiologists during catheterizstrons. 

Thnre is therefore naed for new end improved apparatus and methods which make it possible to trial 
occkided vessels without endangering the patient. 

Summery of the hwitinn 

Tho present invention satisfies the need for a device that occludes a vessel, in particular, a vessel n e 
patient unde.-gortg therapeutic or other medical treatment. Any one of a number of different espension members 
era joined to one or more elongate members such es hypotubts to form e device that completely or partially occludes 
e vessel wrtlun a patient. The eipansion member my bo self-eipamting, h may be expanded by engaging it with 
one of the elongate numbers, or it may be heated to ceuse it to espand. A membrane preferably surrounds the 
eipansion number so that a seal is made between the membrane and the vessel. The perfusion of blood is allowed 
if the memirene is performed. Partial occlusion may be obtained withajt e membrane if e suhabfe espension 
member a chosen. In general, in one aspect of the present invention there is provided en appantos ami method 
that can be used with approved diagnostic end therapeutic devices to reduce the chance of emboli migrating 
downstream. Alternatively, the eipansion member mey encher an intravascular devise within a vessel 

One embodiment of the present invention is e device tor occhidbip a vascular segment, at which the device 
nckjdes an eipansion member end first end second elongate members. The fast eloogete member engogos the 
expansion member, and the second elongate member surrounds the first elongeto member, with the eipension member 
upending to ocehide the vascular segment when one of the elongate members is moved longitudinally. The 
eipansion member preferably inckides e braid, a col a ribbon-ike structure, e slotted tube, a plurality of ribs or a 
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fdtoMike mesh. The dime moy else include materiel that adjoins the expansion member tor create* . p.rt.,1 or 
total seal with the vascular segment. 

In one particular embodiment the expansion member is in an unexpended stete when it is surrounded by 
the second elongate member, but expands when the first elongate member is pushed through the second elongate 
member. In another embodiment bath the first end second elongate members ere seared to the expansion member, 
end the expansion member expands as the first elongate member is renewed. 

Another embodiment of the invention is e method ef occluding a segment within e vessel which includes 
the step of inserting first and second elongete timbers into the vessel to be occluded (in which the first elongate 
member adjoins an expense* member), folowed by the step of varying the position of et least one of the elongete 
members so that the expansion member expands until the vessel is completely or partially occluded. In one 
embodiment, the varying step inchides retracting one of the elongete members, end in another embodiment the 
verying step comprises pushing one of the elongete members through the other elongate member. In yet another 
method of ocdudetg e segment within a vessel an expansion member is ktserted within the vessel and the expansion 
member is heated to cause it to expend until the vessel is et least partially occluded. Meeting the expansion member 
may involve, for example, posting electrical current through it or passing warm solution over or near it. 

Brief Description of the Drawing, 

FIG. 1 is e sidtelevationsl view ei section of one embodiment of e catheter apparatus incorporating the 
present invention for treating oecbded vessels. 

FIG. 2 is a sids-elavational view in section simaar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a self-expendable seal) deployed. 

FIG. 3 is e sidMlevetionai view in section of another embodiment of a catheter apparatus incorporate* 
the present invention for treating ocduded vessels. 

FIG. 4 is a vmw similar to FIG. 3 but showing the expansion member On ties case, a self-expandable seal) 

deployed. 

FIG. 5 is a schematic, longitudinal cress sectional view of an ambodimm in which a membrane only 
partially surrounds a braid used ss the expansion member. 

FIGS. 6A end 6B show end views of imperforated and perforated membranes, respectively. 

FIG. 7 is e schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a filter-ike mesh is used 
es the expansion momber. 

FIG. B is a schemetic, longitudinal cross sectional view of an embodiment n which a slotted tube is used 
es the expansion i 


FIG. 10 is a perspective view of the slotted tube used in the embodenent of FIG. 9. 
FIG. 1 1 is a schematic, longitudinal cross sectional view of en embodenent in which a coil is used es the 
expansion member, and the proximal end of a memorene surrounding the col adjoins the coil 
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FIB. 12 is • schematic, longitudinal cross actions! view of an embedment n which i coil is used as the 
expansion momber. and the prosinui and ci , membrane surrounding tha col adjoins a sheath that surrounds both 
first and second along sis members. 

FIG. 12A is an embodiment sndir to that shown in FIG. 12. si which resistive heating is used to expand 
the aipansion member, with current be** conducted through wees being attached to either side of tha expansion 
member The expansion member as shown is partialy deployed. 

FIG. 12B is an embodiment similar to that shown si FIG. 12A. in which resistive heating is used to expand 
the expansion member, with current being conducted througha win being attached to tha distal and of the expansion 
member and through a coating on the first elongate member. The expansion member as shown is partial* deployed. 

FIG. 13 is a schematic side cross sectional view of an embodiment in which e plurality of ribbons are used 
as the expansion member. 

FIG. 13A is en embodiment similar to that shown in FIG. 13. at which a warm solution passes between 
the first and second elongate members to trsnsier heat to the expension member, causing it to expand. The 
expansion member as shown is partially deployed. 

FIG. 138 is en embodinent similar to that shown in FIG. 13A. in which e worm solution pssses through 
the first elongate member to transfer heet to the expansion member, causing it to eipand. The .sponsion member 
es shown is partiauy deployed. 

FIG. 13C is an embodiment similar to that shown in FIGS. 13A and 13B. in which a warm sokition passes 
through one or more lumens in the first elongate member to transfer heet to the expension member, causing it to 
expand. The expension member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a penality of ribs are used 
as the expansion member. 

FIG. 15 is an sometnc view of an embodiment of the invention in which a pull wire is used to deploy e 
plurality of non-self-expanding ribbons surrounded by a membrane. 

FIG. 16 b a side partial sectional view of the embodiment of FIG. 15 in which tha ribbons are in their 
relaied. vndeployed position. 

FIG. 17 is a tide elevatnnal view of the embodenent of FIG. 15 in which the ribbons are deployed, and the 
membrann makes a seal with the vessel. 

FIGS. 18A and 18B show longitudinal and end perspective views, respectively, of e locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of an alternative locking mechansm used with a wire that deploys an 
expansion member. 

FIGS. 20A. 20B. 20C. and 200 show, respectively, a braid, a fitter-like mesh, e slotted tube, end e plurality 
of coils, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 
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Dftajjod D«crirtion B» the Prefggg Embodiments 
The expornon members discussed hertm include braids, cods. its. ribbon-fika structures, siotttd tubes, and 
fheMike meshes. These expansion members may be partiatv covered er eompieteiy surrounded by a membrane or 
other covering to provide occeaon or sealing of the vessel As used herein, "ecckiaion- or -seeing", and the ike. 
mean partial er complete blockage of fluid flow in a vascular segment, as it is sometimes preferable to allow 
perfusion. Moreover, such expansion members may be deployed by various meeharecal means, electrical means or 
thermomeehanical means, etc as described herein. Expansion members that are deployed mechanically .re preferably 
"spring-Ike" in nature. Le. they are preferably resilient to facBtate their deployment or retrectioo. 
Cetheter Apparatuses end S^randim. Brags, 

One embodiment of a catheter apparatus incorporating the present invention for treating occluded vessels 
is shown in Figures I and 2. As shown therein, the cetheter apparatus 651 consists of e flexible elongate member 
552 whxh is provided with proxvnat and distal extremities 653 end 654. A conventional adapter 656 is mounted 
on the proximal extremity and is provided with e Touhy-Borst fitting 657 which is h communcation with a large 
central lumen 656 extending from the proxeual extremity 653 to the distal extremity 654. An aspiration fitting 661 
is provided on the adapter 656 es well as an irrigation fitting 662. both of which are in communication with the 
central lumen 658. However, it should be appreciated that if desired, separate kurans can be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding seeing mechanism 666 is mounted on the distal extremity 654. Ttihsell-ei pending seeing 
meehanimi 666 can take any suitable form. For exempts, es shown it ean consist of a braided structure 667 formed 
o» e suitable shape memory materiel such es a nickel titaneaa eOoy that »a attempt to expand to a predetermined 
shape rTOmory. Other than shape memory materials, other materials such as stainless steel Elgitoy*". titanium or 
other materials can be utilized in the braid 667 as long as they have the capability of expands* when the self- 
expandng seal mechanism is released. Also it should be appreciated that the self-expending seal mechanism 666 
ean be comprised of an absorbent material which when it ebserbs saine or blood expands to form a saaL Such 
seals can be readily accomplished because it is only necessary to form a seal of approximately 1.5 psi to prevent 
small particles from moving downstream. 

In order to prevent ebrasion of a vessel, it is desirable to cover the braided structure 667 with e covering 
668 of a suitable material such as a polymer or a biocompatUe coating which extends over the braided structure 
867 end which moves with the braided structure 667 as it expands and contracts. The polymer can be of a suitable 
material such as sicona. C-flex. polyethylene or PET which would form . good seeling engagement with the wall 
of the enery. Tha covering 668 may be perforated to allow perfusm 

A mechanism is provided for compressing tha seif-flipanding saaing mechanism 666 so that tha apparatus 
can be inserted into the vessel 481 and consists ol an elongate sleeve 771 have* proximal and distal extremhies 
772 end 773 and a bore 774 extending from the proximal amenity 772 to the distal extremity 773. A collar 776 
is mounted on the proximal extremity 772 of the sleeve 771 and is positioned near the adapter 656. The color 776 
»»ves as a mechanism for retracting the sleeve as shown in Figure 2 to uncover the self-eipanding saaing 


10 


15 


W ° 99/42059 .5. PCT/US99/03544 

rn.ch.nnm 666 efter the catheter has ten, dwkiye( , to ^ ltw SB , f . lxpil , Bino KB ^ 

end form a seal with the arterial vessel edjeont the stenosis to be treated. 

Another embodiment ef a catheter opperotus for treating oeeluded vessels incorporating the present 
invention rs shown in Figures 3 and 4. Aa shown therein, the apparatus 781 consists of a gutffag catheter 782 
havfag proximal and distal enrernrrie, 783 end 784. As shown, the distal extremity 784 is provided with a pre- 
formed bend of . conventional type. A emotional etuchmem 786 is mounted on the pro** extrwnity 783. 
SeH -expanding rrcchanism 79 1 is mourned on the distal extrenvty 784 end is of the type hereinbefore descried 
m connection with the embodiments shown in Figures 1 end 2. A sleeve 796 senior to the sleeve 771 of the 
previous embodiment « provided fa the present ernbodfawt for encasing the self-expanding „,| TOC hamtm 791 and 
for releesino the same efter it hes been disposed in on appropriate position within a vessel adjacent the oedusion 
to be treated. Thus, e sleeve 796 is provided having proximal end distal extremities 797 end 798 end having e bore 
799 extending from the proximal extremity to the distal extremity which is sited so that it can receive the guide 
catheter 782. It is provided with e eoVer 801 on its proxenal extremity which is adapted to be disposed outside 
the patient and which is adapted to be grasped by the physician for puUfag the sleeve 796 proximaiiy to uncover 
the self-cxpanding seal 791 after the apparatus has been deployed to permit the sell«pension of the seeing 
mechanism 791 to form a seal with the vessel wall es shown fa Figure 4. 

hi accordance with the hereinbefore described descriptions, it is apparent that the apparatus can be reedOy 
deployed end serve the seme function as the main catheter. To accomplish this, the essembly 781 can bo introduced 
into the femoral artery end the distal extremity advanced into the deseed loeetion fa the arterial vessel. After rt 
has been properly potmoned. the physician can retract the sleeve 796 to permit the self-expending seel mechanism 
791 to expand and to form e seel with the wall of the arterial vessel to oecfade the arterial vessel and fatemipt 
the flow of blood fa the vessel to provide a working space distal of the eecatsion formed. This prevents smal 
particles which may thereefter be dislodged from moving downstream. Since a central lumen is ovailable. the 
therapeutc procedures hereinbefore described eon be emoloyed with the catheter apparatus shown fa Figures 1. 2 
25 3 end 4. 

Although the self-expanding seeling mechanism 666 {761| can be deployed by retracting the sleeve 771 
(798) as previously described, the seeing mechmum con also be deployed by pushing the ftexDIe elongate member 
652 (guiding catheter 7B2I through the sleeve ,o that the seeling mechanism can expand. This may be the preferred 
way of depioymg the suing mechemsn 666 1791). if there is ittle clearance between the epperatus 651 (781) end 
the vess* within which the epp.retus resides, to reduce the risk of damagfag the peti.nt's vessel. As discussed 
below n connection with subsequent frgurex. the seeing mechanism 666 (7911 may alternatively emprise members 
such col a ribbon-ike structure, a slotted tube, or e filterfke mesh. In each ease, the sealing mechanism 
expands to partially or completely occlude the vessel fa quution, or alternatively, to anchor an fatrovoseular device 


20 
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to the vessel. 
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AltBfflOrivo SeH-Etnendinn Ifemhri 

Another embodiment using ■ braided structure it shown schematicaBy in FIG. 5. in wfcch a f ieiible elongate 
member 20 is disposed within e second elongate member 24 such as a hypetube. A self expanding mechanism 2B 
such as a braided structure is toured to the distal end of the elongate member 20. preferably within on indentation 
32 of member 20. The braided structure 28 is only partially encepsuleted by a preferably elastomer* membrane 
36 that makes e seal with the patient's vessel 40. (Alternatively, a coatng such as a polymeric coating may bt 
used in place of the membranes disclosed herein.) In this end the other embodhtents. adhesive may be used to 
secure the serf-expanding mechanism 28 and the membrane 36 to the elongate member 20. In the embodiment of 
RG. 5. the braided structure 28 and membrane 3fi are designed to be asymmetrical, with more material being 
concentrated at the pro mi I side of the structure 28. The braids of the embodiments disclosed herein may be 
stoinless steel 304 or 400. suporaiostic or heat activated Nrtinol en iron base shape memory aUoy. or e polymer 
base, such as polyethylene or polypropylene. They may be constructed, for exemple. by using standard equipment 
such as a braider. 

Although the embodiment of RG. 5 shows the fmimte elongate member 20 connected to a gwdewrre t*> 
44. other technologies for guiding the device through the patient's vessel 40 may be used in this end the ether 
embodinents. such es a guidewire (either over the wee or single operator! or the exchange catheter method, es is 
wel known in the art. Abo. although not explicitly shown in the embodinent of RG. 5 and the other erabodsmntt 
herein, unse endndiments may inckxfe lumens, aspiration and irrigation fittings, and collars ike those Ikutratad m 
FIGS. K. 

The membrene 36 is preferably impervious to the flow of blood (RG. 6a) for those application! not requiring 
perfusion, although a perforated membrane 35* (FIG. 6b) having numerous holes 37 therein may ba used in other 
applications to allow the passage of blood. The holes 37 are preferably greater than 10 microns in diameter and 
mav be up to 80 microns or more in diameter to permit the passage of blood cells (nominally 6-10 microns in 
diameter) through the membrane 36' while blocking larger partkutaias such as emboli Likewise, a perforated 
membranu 36' may ba used in the other embodenents disclosed herein. Anttthrombogenrc coatings can be used (ej.. 
heparin) to prevent thrombosis formation. 

RG. 7 shows en embodiment ai which a braided structure 50 is not enclosed by a membrane. When the 
braided stnicture 50 comprises, for example, a diamond mesh pattern in which adjacent wires ere separated by about 
10-80 microns, the braided structure permits the passage of red blood eels, wide blocking the flow of matter that 
may be undesirable, e.g» embo6 or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is weU suited for appkeations for which perfusion b required. 

Alternative seH-expanding media are shown in RGS. 8 and 9. In RGS. 8 and 9. a self-expanding filter-like 
mesh 60 and e self-expending slotted tube 72. respectively, ere surrounded by e membrane 62 that is preferably 
elastomeric. The filter-like mesh 60 lor slotted tube 72) and membrane 62 are bonded or otherwise secured to e 
flexile elongate member 64. e.g_ to an indentation therein. As with the other self -expanding media disclosed herein, 
the feter-like mesh 60 (or slotted tube 72) expands from its unsxpanded state whan the flexible elongate member 
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64 n pushed through a second elongate number 66. or alternatively, when the second elongate nwmber 66 i, 
retracted over the first elongate member 64. The liter-eke mesh 60 (or stoned tube 72) then expands so that the 
rnamhrane 62 forms a seal with the surrounds* vessel 68. A guidewire te> 70 aids in guiding the device through 
the vessel 66. The f iterate mesh 60 end slotted tube 72 ere of a suitable shape memory material such as Nitinol 
or (304 or 400) stainless steel The fitter-ice mesh 60 h fibrous n being semewhet analogous to steel wool. 
The slotted lube 72 has a latticed, appearance. The stoned tube 72 may be constructed, for example, by 
irradiating a thin-waled tube with a laser beam to form holes in the tube in the shape of polygons such as oblong 
quadrilaterals. An unexpended, slotted tube 74 is shown m FIG. 10. 

FIG. 1 1 ilustrates another emfaodanent. in which a coB 60 serves as the setf-eipandxig mechanism The 
coil 80 may be integrally formed with a fen elongate member 82 or ha otherwise specially joined to it. e.g. by 
welding or brazing the coil to the elongats member 82. The coS 80 is surrounded by e membrane 84 that expands 
with the coil when it is pushed out of e second elongate member 86. or ehernatively. when the second elongate 
member 86 is retracted from the coil 80. Thus, the membrane forms a seal with the surrounding vessel 90. The 
membrane 84 may be attached directly to the first eiongete member 82. or to a member 88 such as a disk that is 
in turn seared to the col 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be anachad to the first elongate member 82 or to the member 88. if one is used. 

An embodenent similar to that shown in FIG. 11 is ihistrated in FIG. 12. si which the membrane 84 is 
secured et the proximal end to a separate sheath 94. In this case, the Shaath 84 and the first elongate member 
82 era extended together over and through, respectively, the second elongate member 86. Assembly may require 
preloading the coil 80 through the distal end of the second eiongete member 86. 

Another embodenent that employs a self-expanding medium is shown in FIG. 13. h which a plurality of 
Aborts 100 make contact with a membrane 102 while they expand to urge the membrane towards the wall of the 
vessel 104 where h makes a seal. The ribons 100 ot this embodiment are preferably secured to a first elongate 
member 106 at both ends ot the ribbons, by. for example, gluing them in place. The ribbons may be 0.001-0.004" 
x 0.005-0.020- x 0.25-1.0' strips of Nitinol. stainless steel or E^Ooy™ which expand when urged out of the second 
elongate member 108. A guidewre tip 1 10 may be used for guiding the device through the vessel and is preferably 
secured to the distal and of the first elongate member 106. 

FIG. 14 Oustrotes en embodiment similar to the one in FIG. 13, in when ribs 120 such as wees form e 
series of semicraitar arcs when they expand. The ribs 120 are surrounded by a membrane 122 that expands with 
the ribr to form a seal with the vessel 124. The number ot ran 120 is preferably el least three. The ribs 120 ere 
preferably attached directly to a first elongate member 124 that is surrounded by e second eiongete member 126. 
The ribs 120 themselves are preferably made of a shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guiding the device through the vessel 130. 

As in the other sen-expending embodiments, the serf-expanding mechanism 100 (120) is in an unexpended 
state when enclosed by the second elongate member 108 (126). and expends when pushed or pulled beyond the 
seeend elongate member 108 (126). 
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Non-wlt-Mpandim tm^t^m^^ 

FIGS. 12A and 12B Oustrato how Metrical mans an be used to generote haat to expand an upansem 
member. A first elongat. member 82' (and a eofl BC which adjoins h. coil 80' and member 82' being similar to thai, 
unprimed eounterpem) « prefar.Wy mad. of teat activated NitinoL an iron base shape memory alloy, or another 
material thai aipands when exposed to hat. As shown in FIG. 12A. low profile, low resmivity electrical lines 81 
end 83 preferably pas Utter through or along the second donga,, member 86 and ere enacted it*, soldered) to 
the first elongate member 82' on either side of the coil 80-. When currant is applied through the electrical one, 81 
and 83 (the power supply is not shown bot is preferably outside the patient), the coi 80' hats up through resistive 
hating, and the coil upends to urge the membrane 84 to contact tte vessel wal BO. Altarathrefy. as shown si 
FIG. 128. the first alongete member 82* may have a coating 85 of gold or sever. In this embodiment, the coated 
elongate member 82' is used to pus current (with most of tte current preferably being carried by the coating 85. 
so that most of the energy is deposited in the coi 801. with the circuit being completed with a low resistivity wee 
87 that is preferably connected <e.g, soldered) to either the second elongate member 86 or the steath 94. This 
principle of rasistive hating to apand . Mp «»io„ member can be applied to the other embodiments discload herein 
es well. 

FIGS. 13A. 13B. end 13C Ohistrste how hat transfer using a iquid an deploy en expansion member. The 
ribbons 100' ere preferably made of heat activated Nitinol. an iron tea shape memory aloy.Tr another materiel that 
expands when exposed to heal In the embodiment of FIG. 13A. e worm safe solution 107 is passed between the 
first end second elongate members 106 and 108 and then over the membrane 102. so that heat is transferred to 
the ribbons 100'. As the ribbons 100' heat up. they expand, thereby urging the membrane 102 against tte vessel 
we* 104. As derated in FIG. 13B. the worm utne solution 107 may also be pessed through the first elongate 
member 106 end then through holes 109 in member 106 so that the aline solution 107 more directly transfer, heat 
to the ribtens 100'. In this embodiment, one or more holes 111 in the membrane 102 (distal to where the ual with 
the vessel wall 104 is made) may be used to allow the saline solution 107 to flow away beyond the riibons IOC 
alter hut transfer to the ribbons occurs. As ifastrated in FIG. 13C. tte saline solution 107 may also be passed 
through one or more closed loop coils or lumens 1 13 within the first elongate member 106. In this way. the ribbons 
100' and the patient's blood ere not exposed directly to any tobtion. Usng haat transfer can also be applied to 
the other embodiments disclosed heresi provided the expansion member is surtebly constructed. 
L Mechanically de ployed gnfaf>dim»,m 

Cither non-off-expanding suing mechanisms that can ba used for ocdudng a vessel are ducribed below. 
In the emaodenent of FIGS. 15-17. . fo„ elonget. member 140, preferably a pull wee. is (when tte device is 
completely assembled) attached to a brace member 144 that is in turn attached to a first ring number 148. 
Adjoining the first ring member 148 end a acond ring member 152 are a phrralrty of ribbons 156 that extend 
betwan the two ring members. Surrounding the ribbons 156 is a membrane 160 that forms a aeal with the 
patient's vessel 162 when the ribbons are expanded. The membrane 160 is joned to et lust one end preferably 
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both of the ring members 148 end 152. The membrane 160 cin he pined to only one of the ring members 148 
end 152. tor eiompfe, when the membrane 160 uteris far enough oi the longitudinal direction to permit the 
membrane to make a good seal with the rasseJ 162 when the r&bons 156 ere deployed. 

To assemble the device, the first end second ring members 148 end 152. the ribbons 156. and the 
memhreoe 160 are placed as a unit around a second elongate member 166. whidi has a pair of oppositely facing 
holes 170 end 172. The brace member 144 is inserted thnmgh the holes 170 end 172 and secured to both the 
pull wire 140 and the first ratg member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled configured, with the rfcbons 156 m their longitudinal orientation, is 
iustrated m FIG. 16. As ikistreted in FIG. 17. when the pull wire 140 is retracted, the ribbons 156 (shown in 
phantom) and the membrane 160 that surrounds them are urged towards the vessel 161 where the membrane makes 
a seal with the vessel The ribbons 160 ere preferably resilient enough so that they return to their longitudinal 
orientation when the pull wire 140 is released. The elasticity and resSence of the pull wre 140 also helps the 
ribbons 156 return to their undeployed configuration. A guidawve tip 171 may be used to assist in guiding the 
device to the desired location in the vessel 162. 

A preferred way of retracting the putt wire 140 is shown in FIGS. 18A and 18B. FIG. 18A shows the pull 
wire 140. which is attached to the brace member 144. A rotatable handle 180 is attached to a tacking mentor 
184 which m turn u fastened to the pull wire 140. When the locking member 184 cbsu the second elongate 
raembe* 166 within which it resides (which is preferably outside the patient), the Jockng member and rotatable 
handle 180 may be oriented es Qhisffsted h FIG. 18B to keep the pufl wire 140 taught, thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be mode of stainless or mtnol 
end may have a diameter of 0.006-0JX58 inches, for a catheter having an OJL of 0D14 - , for example. 

An alternative to the deployment apparatus Ohatrated in FIGS. 18A and 18B is shown in FIG. 19. in which 
a handle member 190 is grasped by the clinician to retract the puR wire 140. thereby deploying the seeing 
mechenism. Once extended, the sealing mechanism preferably has the tendency to return to its undeployed position, 
which ai the process puks the pufl wire 140 back into the second elongate member 166. This can be prevented by 
inserting a spacer member 194 betwem the handle member 190 end the second elongate marnoer 166. After the 
medical procedure is complete, and ocdusion of the vessel is no longer required, the spacer member 194 can be 
removed and the puil wire 140 end the seeing mechanism returned to their respective undeployed positions. The 
device can than be removed from the patient. 

Although the principle of using a non-self expanding mechanism has been Uustrated in FIGS. 15-17 with 
respect to deformabie ribbons, other non-self-expanding mechanisms, as flktstrated in FIGS. 20A-20D. can be employed 
in conjunction with the brace member 144 end the first and second ring members 148 and 152. For example, 
instead of using ribbons 156. e non-seK-expanding braided structure 200 can be used, in which the braided structure 
200 adjoins first and second ring members 148 and 152 and is covered with a memflrane 160 to form the unit 204 
shown in FIG. 20A. The unit 204 can be used in conjunction with en elongate member 166. e brace member 144. 
a guidewire tip 171. a first elongate member 140 such as a putt wire, a rotatable handle 180. and a locking member 
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184 1. torn, . datka analogous » «h. -wiet of R(L lg ^ ^ ^ ^ 

for sacumg to. pmi win 140, such as a handle 190 and a spacer member 194. 

Othar nowalfwdino mach.nitwaeh.1 a fiter-ft. mesh 208. a slotted tuba 212. and ceB, 216 can 
b. us* to form unit, 220. 230. and 240 anal** to the MM nnxtm unit 2 04 a, shown in FIBS. 20B. 20C 
and 200. Unit, 220. 230. and 240 can Ik™, b. usad to constmct devieu analogous to ,h. ribbons device 
Ikutrated in RGS. 15-19. further, d unit 204 i, «ad wnhout a membrane, it may n bbod perfusion if the 
braetad structure 200 is «tabl r eonstraetad. Anamativofy. perforated membrena, fik. mart,™* 36' of FIG. 6B 
may b. used to permit blood perfusion. AJttough the ribbon, 156. the breidad structure 200. the finer-ik. mesh 
209. the slotted tube 212. end the coib 216 most be active* deploy* (e.g. with a pull wir. 140). they are 
neverthntess senior to their seif-expandinB counterparts. 

It should be understood that the ac.po of the present Mention is not bo Emhed by the lustrations or the 
foragomg description theroof. bu. rather by the opp.„ded claim,, and certein variation, m modification, of this 
invention will suggest themselves to one of ordinary ski h the art. 
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WHAT IS CLAIMED IS ? 

1. A device far occluding a vascular segment, cornorising: 
an expansion member; and 

first and second elongate members, wherein said first donga te member engages said expansion member and 
said second elongate member engages said first elongate member, said expansion member expanding to at least 
partbly occkide the vascular segment when one of said elongate marten b moved longmrdmaly. 

2. The device of Claim 1. further cernprisrag e material that adjoins said expansion member for 
creatinci a seal with the vascular segment. 

3. The device of Claim 1 wherein seid material does not completely encapsulate said expansion 

member. 

4. The device of Claim 1. wherein said expansion member is a filter-ice mesh attached to an 
indentation within said first elongate member. 

5. The device of Claim 1. where* said expansion member is in an unexpended state when it is 
surrounded by seid second elongate member. 

6. The device of Claim S. whereii said expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Clam 5, wherein said expansion member is serf-expanding. 

B. The device of Claim 7. wherein said serf-expanding member comprises a member selected from the 
group consisting of a braid, a coi, a ribbon like structure, e slotted tube, a pkirafty of ribs and a liter-like mesh. 

9. The device of Claim 1. wherem said second elongate member b elso secured to said expansion 

member. 

10. The device of Claim 9, wherein seid expansion member expends ss seid first elongate member b 

retracted. 

11. The device of Claim 9. wherein said expansion member comprbes a member selected from the 
group consisting of s braid, a penality of cols, a ribbon-fake structure, e slotted tube, and a filer like mesh. 

12. The device of Ciarn 9, wherein said expension member expends as the relative position of said 
first and second elongate members changes. 

13. A method of ocdudmg e segment within e vessel comprising: 

inserting first end second elongete members into the vessel wherein the first elongate member adjoin en 
expansion member; and 

varying the position of at least one of the elongate members so that the expansion member expands unti 
the vessri b occluded. 

14. The method of Cben 13. m which said varying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate members causes tha 
expansion member to expend. 
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16. The method of Claim 14. h which the expsnscn member adjoins both elongate mentors, and the 
relative potmen of the elongate members is varied to expend the eipansian member until the vessel is occluded. 

17. The method of Claim 13, in which said varying step comprises pushing one of the elongate 
members through the other elongate member. 

5 18. The method of Claim 13. further comprising: 

performing a medical procedure near the occluded she; and 

retrieving the elongate members and the expansion member from the vessel. 

19. A method, comprising: 

inserting en expansion member within the vesset end 
10 heating the expansion member to cause it to expend unti the vessel is at least partially occluded. 

20. The method of Claim 19, in which the expansion member is comprised of e material selected from 
the group consisting of heet activated Nitinol end en ron base shape memory alloy. 

21. The method of Claim 19, in which said heating the expansion member comprises pessing electrical 
current through ft. 

15 22. The method of Claim 19. in which said heating the expensron member comprises flowing warm 

sokition near the expansion member to heet up the sipension member. 
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